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Inactivation of Listeria innocua on Frankfurters
That Contain Potassium Lactate and Sodium
Diacetate by Flash Pasteurization
C.H. SOMMERS, D.J. GEVEKE, AND X. FAN

ABSTRACT: Listeria monocytogenes, a psychrotrophic foodborne pathogen, is a recurring postprocess contaminant
on ready-to-eat meat (RTE) products, including frankfurters. Potassium lactate (PL) and sodium diacetate (SDA) are
FDA-approved antimicrobials that inhibit the growth of L. monocytogenes when incorporated into the formulation
of fine emulsion sausage. Flash (steam) pasteurization (FP) has been shown to reduce levels of L. monocytogenes,
and its surrogate L. innocua, on frankfurter surfaces. The ability of FP to inactivate and prevent the growth of the
L. monocytogenes surrogate L. innocua in a pilot plant setting was investigated. FP treatment (1.5 s, 121 ◦C) of sin-
gle layers of frankfurters that were surface-inoculated with either 5, 4, or 3 log CFU/g of L. innocua immediately be-
fore FP (1.5 s, 121 ◦C) resulted in log reductions of 1.97 (± 0.11), 2.03 (± 0.10), or 2.07 (± 0.14), respectively. Inoculum
level had no effect on the inactivation of L. innocua. Following 8 wk of refrigerated storage (4 ◦C), L. innocua levels
decreased by 0.5 log in non-FP-treated frankfurter packs, while the 2 log reduction of L. innocua was maintained
for FP-treated frankfurters. FP (1.5 s, 121 ◦C) had no effect on frankfurter color or texture. Because the numbers
of L. monocytogenes associated with contaminations of ready-to-eat meats are typically very low, the use of FP in
combination with PL and SDA has the potential to reduce the number of frankfurter recalls and foodborne illness
outbreaks.
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Introduction

Listeria monocytogenes is an occasional postprocess contam-
inant on ready-to-eat (RTE) meat products, including frank-

furters; a number of foodborne illness outbreaks have been at-
tributed to L. monocytogenes (Barnes and others 1989; Anonymous
1998, 2001; Mead and others 1999; FDA 2001), and the incidence
of Listeria infections in 2005 was higher than its low point in 2002
(Anonymous 2006). L. monocytogenes is capable of growth at re-
frigerated temperatures and in high salt environments, which al-
lows it to proliferate during long-term cold storage (Smith 1996).
Because of the high mortality rate associated with infection, es-
pecially among at-risk populations, L. monocytogenes is given a
zero tolerance in ready-to-eat meat products in the United States
(USDA 1989; Gerba and others 1996). In the last 3 y (2003 to
2006) there have been 8 Class I recalls of frankfurters, not includ-
ing other ready-to-eat (RTE) meats, due to contamination with
L. monocytogenes (USDA FSIS 2006).

In a recent survey of RTE food products, L. monocytogenes was
detected in 0.89% of deli meat products. However, 39% of the sam-
ples were contaminated with less than 0.1 CFU/g L. monocyto-
genes, 73% contained less than 1.0 CFU/g of the bacterium, and
87% contained less than 10 CFU/g of L. monocytogenes (Gombas
and others 2003). The infectious dose for L. monocytogenes is cur-
rently unknown. While the health consequences of listeriosis are
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serious, it has been noted that low levels of L. monocytogenes in
foods equal low risk (Chen and others 2003). Therefore, use of in-
tervention technologies that produce even modest reductions in
bacterial number, in combination with antimicrobial compounds,
has the potential to reduce the number of frankfurter recalls and
L. monocytogenes-associated foodborne illness outbreaks.

In order to prevent the contamination of frankfurters by
L. monocytogenes, and to ameliorate the consequences due to
consumption of accidentally contaminated frankfurters, the USDA
Food Safety Inspection Service (FSIS) has recommended thorough
plant sanitation and testing for the presence of Listeria spp. as part
of an effective Hazard Analysis and Critical Control Point (HACCP)
Plan. Postprocess interventions, either alone or in combination
with antimicrobial compounds, may be used to inactivate and pre-
vent the proliferation of L. monocytogenes on RTE meat products.
Both potassium lactate (PL) and sodium diacetate (SDA) have been
approved by the U.S. Food and Drug Administration (FDA) for use
in RTE meat products (FDA 2000), and combinations of the two can
effectively inhibit the growth of L. monocytogenes on RTE meats
during long-term refrigerated storage (Mbandi and Shelef 2001;
Seman and others 2002; Sommers and others 2003). Flash pasteur-
ization (FP), a process that has recently been commercialized, uses
short pulses of steam to decontaminate the surfaces of fine emul-
sion sausages such as frankfurters immediately before packaging
(Murphy and others 2005a, 2005b, 2006).

Previous studies conducted in a pilot plant setting using FP have
used L. innocua as a nonpathogenic surrogate microorganism in
place of L. monocytogenes (Kozempel and others 2000; Sommers
and others 2002; Murphy and others 2005a, 2006). The efficacy of
FP when used in combination with the commonly used antimicro-
bials SDA and PL has not been reported. The purposes of this study
were to (1) determine the effect of inoculum level on the ability of

No claim to original US government works
M72 JOURNAL OF FOOD SCIENCE—Vol. 73, Nr. 2, 2008 C© 2008 Institute of Food Technologists

doi: 10.1111/j.1750-3841.2007.00635.x
Further reproduction without permission is prohibited



M:
Fo

od
Mi

cr
ob

iol
og

y
&

Sa
fet

y

Inactivation of Listeria innocua on frankfurters . . .

FP to inactivate the L. monocytogenes surrogate L. innocua on the
surface of frankfurters that contain the antimicrobials PL and SDA
in an open-air pilot plant setting; (2) determine the growth poten-
tial of L. innocua on FP-treated frankfurters that contained SDA and
PL during refrigerated storage; and (3) determine the effect of FP on
frankfurter color and texture.

Materials and Methods

Frankfurters
Freshly manufactured frankfurters were purchased from a local

manufacturer. The frankfurters consisted of beef, pork, water, salt,
flavoring, paprika, sodium phosphate, SDA (0.07%), PL (1.13%),
sodium erythorbate, and sodium nitrate and were 25% fat. Frank-
furters were stored at −20 ◦C and thawed overnight in a refrigerator
for experimentation the following day.

L. innocua
Three L. innocua strains (51742, 33090, 33091) were obtained

from the American Type Culture Collection (Manassas, Va., U.S.A.).
The strains were propagated on tryptic soy agar (BD-Difco Labo-
ratories, Sparks, Md., U.S.A.) at 37 ◦C and maintained at 0 to 2 ◦C
until ready for use. Identity of Listeria was confirmed by Gram
stain followed by analysis with Gram Positive Identification (GPI)
cards using the Vitek Automicrobic System (bioMerieux Vitek Inc.,
Hazelwood, Mo., U.S.A.).

L. innocua propagation and inoculation
Each L. innocua strain was cultured independently in 30-mL

tryptic soy broth (Difco) in baffled 50-mL sterile tubes at 37 ◦C (150
rpm) for 18 h. The cultures were then sedimented by centrifuga-
tion (1735 × g for 10 min) and resuspended as a mixture in 100 mL
of Butterfield’s Phosphate Buffer (BPB) (Applied Research Inst.,
Newtown, Conn., U.S.A.). Refrigerated gamma-irradiated frank-
furters were then placed on a sterile surface, rolled in 1.0 mL of in-
oculum (either 105, 104, or 103 CFU/g), and allowed to dry in the
refrigerator for approximately 30 min prior to FP.

Flash pasteurization
To assess the effect of inoculum level on the FP inactivation

process, the surface-inoculated frankfurters were loaded into open
preformed trays at the inlet of the flash pasterurization proto-
type unit (Alkar-RapidPak, Lodi, Wis., U.S.A.) as a single layer
of 4 frankfurters. The frankfurters were then exposed to steam
treatments (121 ◦C) for 1.5 or 3.0 s. The frankfurters were then
placed in sterile nr 400 stomacher bags which were stored in an
ice–water bath for approximately 30 min prior to enumeration of
L. innocua.

Following FP the samples were assayed for colony forming units
(CFUs) by standard pour plate procedures. Fifty milliliters of sterile
BPB were added to a nr 400 stomacher bag that contained 4 frank-
furters and shaken manually for 1 min (Sommers and Thayer 2000).
The samples were then serially diluted in BPB, using tenfold dilu-
tions, and 1 mL of diluted sample was pour plated using Palcam
Medium (BD-Difco Inc.). Two 1-mL aliquots were plated per dilu-
tion. The Palcam plates were then incubated for 48 h at 37 ◦C prior
to enumeration for CFU. Each experiment was conducted indepen-
dently 3 times (n = 3).

Storage study
L. innocua was cultured as previously described, with the inocu-

lum levels at 103 CFU/g being used for the storage study to simulate
contaminations described by Gombas and others (2003). Following

FP the frankfurter packs were then vacuum-packed (0.50 mmHg)
in gas impermeable polynylon bags and refrigerated for 8 wk (4 ◦C).
Three single layer packs were assayed for CFU/g every 2 wk for 8 wk
using the methodology previously described.

Color analysis
Color analysis was then performed using a Hunter Lab Miniscan

XE Meter (Hunter Laboratory Inc., Reston, Va., U.S.A.) (Sommers
and others 2003). The meter was calibrated using white and black
standard tiles. Illuminate D65, 10◦ standard observer, and a 2.5-cm
port/viewing area were used. Results were from 3 independent ex-
periments, with 12 readings taken per experiment.

Shear force
Cutting force of the frankfurters was measured using a Texture

Technologies Corp. (Scarsdale, N.Y., U.S.A.) TA-XT2 Texture Ana-
lyzer. A TA-7 Warner-Bratzler blade was used with a test speed of
2.0 mm/s, 55-mm distance, and 20 g auto-trigger (Sommers and
others 2003). Maximum shear force (g) results were from 3 inde-
pendent experiments, with 12 readings taken per experiment.

Statistical analysis
Each experiment was conducted independently 3 times (n = 3).

Descriptive statistics and analysis of variance (ANOVA) were
performed using the descriptive statistics package of MS Excel
(Microsoft Corp., Redmond, Wash., U.S.A.).

Results and Discussion

Relatively low numbers (CFU/g) of L. monocytogenes are typi-
cally associated with contaminations of frankfurters and other

RTE meats, and low numbers of L. monocytogenes is equivalent to
low risk (Chen and others 2003; Gombas and others 2003). Inter-
vention technologies that can provide even modest inactivation
of L. monocytogenes, when used in combination with antimicro-
bials, have the potential to significantly reduce the frequency of
frankfurter recalls and foodborne illness outbreaks. PL and SDA
are GRAS antimicrobials approved by the FDA for use in processed
meats for inhibition of L. monocytogenes growth (FDA 2001). FP
uses short pulses of steam to decontaminate the surfaces of fine
emulsion sausages immediately prior to packaging and is currently
used commercially for that purpose.

In this study, the ability of FP to inactivate the L. monocytogenes
surrogate L. innocua on the surfaces of frankfurters that contained
PL and SDA, arranged in single-layer packs, was investigated. This
is the 1st report pertaining to the efficacy of the FP process when
used in combination with the antimicrobials SDA and PL. L. in-
nocua has been used as a surrogate microorganism in previous
pilot-plant scale studies for FP decontamination of frankfurters
(Kozempel and others 2000; Sommers and others 2002; Murphy and
others 2005a, 2006). FP conditions (1.5 s, 121 ◦C steam) were used
based on previous research and conditions of use in actual cur-
rent commercial practice (Personal communication, Seth Pulsfus,
Alkar-Rapid-Pak Inc.). FP treatment (1.5 s, 121 ◦C) of single layers of
frankfurters that were surface-inoculated with either 5, 4, or 3 log10

CFU/g of L. innocua immediately before FP (1.5 s, 121 ◦C) resulted
in log reductions of 1.97 (± 0.11), 2.03 (± 0.10), or 2.07 (± 0.14), re-
spectively. Inoculum level had no effect on the inactivation of L. in-
nocua as determined by ANOVA (n = 3, α = 0.05). FP treatment time
of 3.0 s (121 ◦C) resulted in 2.5 to 2.7 log10 reductions of L. innocua
on the single layers of frankfurters. Increasing treatment time in-
creased the inactivation of L. innocua as determined by ANOVA
(n = 3, α = 0.05).
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Figure 1 --- Proliferation of Listeria innocua during 8 wk
refrigerated storage on frankfurters that contain potas-
sium lactate and sodium diacetate with (open circles)
and without (closed circles) flash pasteurization (1.5 s,
121 ◦C). Each experiment was conducted independently
3 times, with the standard error of the mean shown by
error bars.

L. innocua levels during 8 wk storage at 4 ◦C decreased 0.5 log10

in non-FP-treated frankfurter packs while the 2 log10 reduction of
L. innocua was maintained in FP-treated frankfurter packs
(Figure 1). It should be noted that storage of frankfurters was in a
common laboratory refrigerator that was repeatedly opened and
closed during business hours during the 8-wk storage period, and
that an 8-h power outage occurred during week 4 of the storage
study. Conditions of mild temperature abuse may have occurred
during the course of the storage study.

In order to evaluate the effect of FP on frankfurter quality,
color and texture analyses were conducted. Hunter color a-values
were 19.0 (± 1.57) and 20.3 (± 0.18), b-values 34.4 (± 1.84) and
35.3 (± 0.79), and L-values 59.6 (± 0.44) and 58.5 (± 0.43) for
non-inoculated untreated and FP-treated frankfurters. Maximum
shear force (g) was 1924 (± 60.8) and 1972 (± 41.0) for untreated
and FP-treated frankfurters. There was no effect of FP on ei-
ther frankfurter color or shear force as determined by ANOVA
(n = 3, α = 0.05).

Results obtained in this study are similar to those obtained in
previous studies of flash pasteurization conducted under pilot-
plant conditions. Murphy and others (2005a) obtained a 3 log10

reduction of L. monocytogenes and L. innocua in single-layer frank-
furter prior to packaging using FP (1.5 s, 121 ◦C) using a commercial
production Alkar-RapidPak FP/Intergrated Packaging Unit.
Murphy and others (2006) obtained a 3 log reduction of L. monocy-
togenes and L. innocua on double-layer frankfurter packs treated
with a commercial FP Alkar-RapidPak FP/Integrated Packaging
Unit following an organic acid treatment, which inhibited growth
of the pathogen for 14 and 19 wk at temperatures of 4 and 7 ◦C,
respectively. Murphy and others (2005b) obtained both inacti-
vation and growth suppression of L. monocytogenes during 47-d
refrigerated storage using a combination of FP and liquid smoke.

Conclusions

Results obtained in these studies with either SDA/PL or organic
acids and liquid smoke indicate that a 2 to 3 log reduction of

Listeria spp. followed by growth inhibition of Listeria spp. for 2 to 3
mo could be obtained using FP under current commercial condi-
tions to provide both inactivation and growth inhibition purposes.
Frankfurter manufacturers should consider applying for FSIS Alter-
native 1 testing status for Listeria spp. if FP, when used in combina-
tion with appropriate antimicrobials, provides sufficient inactiva-
tion of and growth suppression of Listeria spp. during refrigerated
storage.
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